Institute (RTI / EOHSI) NHEXAS population-based pilot project conducted in the upper Midwest (EPA Region 5). The majority of participants successfully completed the diary during the 6-day study period. Participant responses showed internal consistency between related questions within the diary and between instruments used within the study. Comparison of response rates with the National Human Activity Pattern Survey, a nationwide population-based study, found consistent results when the same questions were used in both studies. Several questions identified age-specific activities. The value of the 6-day diary over 1-day surveys was apparent in discriminating between episodic and regularly conducted activities and in identifying subpopulations whose behavior may contribute to exposure to environmental pollutants.
Introduction
The National Human Exposure Assessment Survey (NHEXAS) is an effort by the United States Environmental Protection Agency (EPA) to develop an interagency exposure surveillance system for the U.S. population (Sexton et al., 1995a) . The NHEXAS pilot studies (Buck et al., 1995; Lebowitz et al., 1995; Pellizzari et al., 1995) were designed to determine the feasibility of conducting such a national population-based exposure study to characterize both the distribution and high end of exposures to a wide range of pollutants from multiple sources and though multiple media using available methodologies (Sexton et al., 1995b) . The broad categories of pollutants in this study include VOCs, metals, and particulates. Specific chemicals of interest include benzene, chloroform, lead, arsenic, and chromium. The multiple routes of exposure include air, food, water, soil, and house dust. Biomarkers of exposure were obtained from urine, blood, and hair samples.
The purpose of the time/activity diary used in the NHEXAS studies was to provide activity-pattern data whose resolution is comparable to the temporal and spatial resolution of environmental media and biomarker concentration measurements obtained during the NHEXAS study period (Robinson, 1988) . The questions provide information about sources and activities that contribute to exposure as well as information to characterize distributions of activities for the population-based sample of participants in NHEXAS. The value of the information obtained from the questions depends on their validity and reliability. Validity of the questions is best addressed by comparison with other questions or external measures. Internal validity can be determined through comparing responses to related questions. Reliability is assessed by looking at the responses of individuals over time when consistency is expected. For example a degree of autocorrelation would be expected in the time spent at work or school each day during the work week. Autocorrelation shows how closely one point in a series is related to each previous point, thus if individuals spent 7 h at work on Friday, very similar values would be expected on Thursday, Wednesday, Tuesday, and Monday. In addition reliability can be assessed by comparing responses to populations.
This report covers the evaluation of responses to the time activity questionnaire by participants in EPA Region 5 (Ohio, Indiana, Michigan, Illinois, Wisconsin and Minnesota) study conducted by the Research Triangle Institute/Environmental and Occupational Health Sciences Institute (RTI /EOHSI) consortia. The evaluation of the questionnaire includes determining the reliability and validity of the responses, as well as describing the distributions that were obtained. Validation of the time/activity diary and its questions has been an ongoing process started during the development phase of the study through a process of pilot testing, refining and retesting. The objective of validation is to make sure that the diary produces little systematic bias and random error in responses. Bias occurs when the questions are framed in a manner which leads the respondents to answer in a particular direction that may not be true. Bias may also occur if participants require aid in completing the questionnaire. Errors may result from confusion with what the question is asking, boredom with filling out the diary, or misinterpreting questions.
The reliability of the diary and its questions reflects the precision with which questions are answered. Internal measures of validity include questions that request the same information, but are phrased differently. Internal reliability of responses within the study population was also assessed by comparing responses to similar questions on separate instruments used in the study. All participants were interviewed with a baseline questionnaire at the beginning of the study, and a follow-up questionnaire at the end of the study.
The external validation of the questionnaire can be conducted by comparing responses with other populationbased studies that use the same or similar questions. About half of the diary questions were drawn from the National Home Activity Pattern Survey (NHAPS) although in many cases the format of the questions was changed and lacked the lead-in questions used in NHAPS. NHAPS (Tsang and Klepeis, 1996) was a telephone interview questionnaire conducted with more than 9000 adults and children throughout the United States, developed by John Robinson of the University of Responses to the Region 5 NHEXAS time/activity diary Freeman et al.
Maryland, who also contributed to the development of the NHEXAS questionnaires. The NHAPS questionnaire was structured to ask primarily about activities within the past 24 h, a single snapshot in time. Since the NHEXAS diary asked the same questions on each of 6 days, NHEXAS provides six consecutive snapshots in time.
Because both studies are population-based, the responses on each of the 6 days of the NHEXAS diary should be similar to those found in the NHAPS questionnaire, particularly for those questions which are identical in format.
Methods and materials

Questionnaire
The diary consists of two parts, a time line (Figure 1 ) and a questionnaire ( Figure 2 ). The format of the time/activity diary was designed to facilitate participant responses. The time line identifies time spent in seven environmental compartments. These include three indoor settings: at home, at work/ school or indoors elsewhere, three corresponding outdoor settings, and in transit. The time line was formatted to start in the morning when most individuals are at home and lead the participant logically through the day. The second part of the questionnaire consists of 29 questions directed towards a variety of exposures or events. For example, some questions can identify individual's exposure to pollutants such as benzene and other VOCs from gasoline and tobacco smoke or chlorination byproducts from swimming, drinking water, and bathing in chlorinated water. In addition, several questions can be used to identify conditions that influence exposure, such as increased respiration rate, house ventilation, or contact with dust and soil which may contain contaminants. The 
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Responses to the Region 5 NHEXAS time/activity diary questions are subdivided based on ease of response required as well as exposure interests. The first group of questions requires a yes/no response. The second group of questions requires a numerical frequency response, while the third group of questions requires a temporal estimate in hours or minutes.
Data Collection
The daily time/activity diary was completed by 249 participants over a 7 day period. Prior to the start of the study period participants were trained in the use of the diary and a sample diary which they completed during the training session was kept with them for guidance. During the course of the week the NHEXAS field team would review the diary with the participants and guide them in completing the diary if that was necessary.
Data Analysis
At the end of the study period, the diaries were sent to Research Triangle Institute, transferred to electronic form and incorporated into the NHEXAS SAS2 data base. Descriptive statistics were carried out on the data to characterize the responses of all participants, and for specific subsets of the study population. The analysis reported here evaluates the validity and reliability of the diary, including the impact of study activities on responses. The analysis describes the distribution of responses for the study population, and differential responses for children 10 years old or younger and for adults >65 years old. For this report, analysis of responses by multiple factors was not carried out.
Results
Diary Assessment
The diary was completed for 7 consecutive days. It was anticipated in the study design that responses on the seventh day would be incomplete due to variations in when the field team came to the home to complete sample collection, thus providing only a complete 6-day study period. The influence of seventh-day termination activities on response rates was confirmed for 20 of 26 questions in the activity diary (Table 1 ). The remaining six questions had very low response rates (less than 2% of the study population) on most days. Mean reduction in response rate from the first six days to the seventh day varied across questions and ranged from 1.3% to 35.7%. The impact of study activities was also shown on the first and the seventh days of the study as indicated by the amount of time participants spent in the home. Participants spent more time at home on the first day of the study than on any other day (17.2 compared to 15.2±15.8 h, p<0.05 for day 1 vs. days 2± 6) and significantly less time on the seventh day. No clear picture was found of where the participants took the time to add to the first day at home. The reduced time reported at home on day 7 indicates the incomplete nature of the data obtained on that day. Based on incomplete responses on day 7, all further analyses focus on the first six days of the study.
The activity questionnaire provided information on the ease with which participants completed the questionnaire. When the field technicians visited the home they reviewed the questionnaires and noted whether they were fully completed, whether some questions still needed to be completed, or whether the technicians had to assist the participant in completing the questionnaire. Approximately 86% of time/activity diaries were completed independently by the participants on each day of the study (range 85± 87%). Five percent of the study population required aid in completing the time/activity diary and the remaining 9% required minor assistance from the field team. Usually the presence of the technician acted as a prompt for the participant to finish filling out the diary if the participant had not completed the diary earlier. Since only 5% of the study population required help filling out the diary, introduced bias from the field staff was kept to a minimum.
Within the diary there are several questions that test internal consistency of response. One internal measure of reliability compares transit time reported on time line and in the diary. The time line is measured in hours and minutes while the transit question was coded in minutes. Reported times in the two questions were highly correlated on all days of the study (correlation coefficients ranged from 0.811 to 0.922, p<0.001). Other measures of reliability addressed exposure to environmental tobacco smoke (ETS). If individuals reported exposure to home ETS in question A9, they should also report indoor ETS in question A18. In addition individuals who report ETS in transit (A19) should also report time spent in transit on the time line. There Figure 2 . NHEXAS activity diary.
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Responses to the Region 5 NHEXAS time/activity diary was nearly 100% consistency in response for these individuals. Exposure to ETS in a variety of microenvironments was also explored in both the baseline questionnaire and the time activity diary. The majority of participants reported no ETS exposure in any location in either questionnaire. In addition, the reported distributions of hours of exposure were similar. Composite indoor ETS weekly exposure based on responses to three questions in the baseline questionnaire for the 90th percentile was 60 h /week compared to 68 h /week in the diary. In transit ETS as reported in the baseline questionnaire and diary was the same at the 90th percentile, 7 h/week.
Since most individuals were not exposed to ETS, median weekly exposure indoors and in transit was 0 h /week.
Comparison with NHAPS
The NHEXAS responses were compared with the total NHAPS population and with the Midwest NHAPS subpopulation for those questions which were identical in format. The percent of participants in NHAPS reporting pumping gas in the past 24 h was 11.9% for the total study and 13.4% for the Midwest subsample. This contrasted well 
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with the daily range reported in NHEXAS (11±15%). Spending time in the garage was also similar in the two studies, 6.3% and 5.5% for NHAPS, and 4 ± 6% for NHEXAS. Hand washing was reported by nearly everyone in both studies and average frequency in both studies was similar (six to nine times per day by NHAPS and NHEXAS participants). Two questions showed differences in responses. The percent of participants reporting windows open was slightly higher in NHEXAS than NHAPS (42.5% and 37.4% in NHAPS and 49 ±58% in NHEXAS). This may be due to differences in the sampling period of the two studies. NHAPS telephone interviews were conducted throughout the year, whereas field visits in NHEXAS were curtailed for 8 weeks during the depth of winter, a time when windows were more likely to have been closed. This interpretation is consistent with the NHAPS data which found that fewer participants kept windows open and for less time during the winter than in other seasons and with NHEXAS data which found that homes sampled in November and December had windows open for less than 1 h per day, in contrast to homes sampled in the spring and summer where windows were kept open for six or more hours. Water consumption was lower in NHAPS than in NHEXAS with 28.6% of the total NHAPS study population and 23.9% of the Midwest subpopulation reporting not having consumed water in the last 24 h, compared to 13.3±20.5% of the NHEXAS study population. However, a similar number glasses of water were consumed in both, a median range of 1±2 glasses/ day. The difference in rate may be due to a slight difference in the phrasing of the question,`tap water' in NHAPS and`water' in NHEXAS, as well as the influence of seasonal reportage. The NHAPS data suggests that water consumption is lower in the winter than other seasons of the year.
Activity patterns of region 5 NHEXAS participants
Frequency Distribution
Comparison of doer response rates was carried out by type of question: that is, whether the question required a yes/no response, a numerical response, or an estimate of time in hours or minutes (Table 1 ). Across the 6 days of the study, there tended to be fairly consistent response 
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Responses to the Region 5 NHEXAS time/activity diary rates within questions. The response rates between questions was highly variable and reflected differences in usage patterns. Several questions focused on potential exposure to gasoline and exhaust fumes. Spending time in a garage or getting gasoline on skin was infrequently reported by participants, while pumping gas was reported by 11±15% of participants on any one day. In contrast more than 80% of participants reported traveling on any day, with the average daily travel time of more than 1 h.
Exposure to tobacco smoke was reported by nearly 40% of participants on a daily basis, while active smoking was reported by approximately 25% of the study population on a daily basis. Average exposure to environmental tobacco smoke was 4 h/day indoors and 1 h while traveling for those who were exposed. Most smokers reported smoking nearly a pack a day, and there were few cigar, pipe, and smokeless tobacco users in this study population. Smokers more often reported exposure to smoke indoors and while traveling than did nonsmokers.
While responses to most questions showed little daily variation, questions reflecting dermal contact with soil or dirt, grass or leaves, cleaning agents, and carpets showed greater daily variation for the study population as a whole. These behaviors were episodic for most individuals who reported them and did not show significant daily autocorrelations. Significant daily correlation's in responses were found for water consumption, hand-washing frequency, cigarette smoking, road travel, vehicular ETS and home ETS ( p<0.001). 
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Age Differences
Participants were divided into three groups: children 10 years old or less, adults 65 years old or older, and the rest of the study population. The rationale for this was that children may have behavior patterns that are different from adults and are considered to be a biologically sensitive subpopulation (Pellizzari et al., 1995) , and the adults 65+ are more likely to be retired and therefore use their time differently than younger adults. Initially there was concern that children between 11 and 18 should be segregated, but there were few individuals in this group and these were primarily older teenagers and were therefore included with the young adults. There was 12% of the study population in each of the young and old age groups, with the remaining 76% between 17 and 64 years old. More than one third of the activity questions showed clear age differences in response rates (Table 2) . Young children and adults >65 seldom reported pumping gas, in contrast to 13±18% of working aged adults reporting this activity on any day during the study.
Contact with dirt and soil was reported by more than 27% of the children in contrast to 16% of young and older adults. Similarly contact with grass and leaves was reported by 31% of the children and 17% and 18% of young and older adults respectively. Smoking was reported in the homes of 40% of the children and young adults, while less than 30% of the 65+ adults reported residential ETS. Water consumption was reported by nearly 100% of the older adults, 85% ANOVA across three groups; *p <0.05, **p <0.01 on at least four of six days; + p <0.10 on three or more days.
of the children, and only 75% of the young adults. Several activities were child specific. Nearly all reports of lying or sitting on the floor were by children and this activity was reported by nearly 70% of the children on any day. The children spent an average of 2 h a day on the floor. Bathing as opposed to showering was primarily a children's activity, reported by 52% of children in contrast to 23% of young adults and 26% of older adults. In contrast, showering was reported by only 34% of children, compared to 55% of the 65+ adults, and 73% of young adults. While many questions showed differences in response rates across age groups, few questions showed significant age differences in performance patterns (Table 3) . That is, for those questions that enumerated number of events or amount of time spent at the activity, if an individual reported the activity, age typically did not influence the frequency or duration of the activity. The three questions where there was a consistent daily difference by age are the quantity of water consumed, hand-washing frequency, and duration of vigorous exercise. Children consumed less water than young adults or 65+ adults, washed their hands less frequently than adults, and spent more time in vigorous activity.
Daily activities versus personal activity patterns
When comparing NHEXAS results to telephone surveys such as NHAPS it is appropriate to compare the number of individuals reporting an activity on any single day. For Figure 3 . Personal activity patterns: number of individuals reporting activities on 1, 2, . . .6 days during the NHEXAS study. Infrequently occurring activities include grass and soil contact (GRASS, SOIL), pumping gas (GAS). Regularly occurring activities include bathing and showering (BATHE, SHOWER), travel (TRAVEL) and exposure to tobacco smoke (ETS). Bimodel activity patterns showed by vigorous exercise (VIGOREX).
example it is noted that on any day more than 65% of the children sat on the floor or 20% of adults sat on the floor, or 20 ±30% of individuals reported house-cleaning activities. This allows us to capture a snapshot in time of daily activities but tells us little about personal activity patterns. To assess the activity patterns of individuals, the number of days during the week that each individual reported an activity was determined.
Most activity patterns could be characterized as episodic, occurring only once or twice during a week, or regular behaviors occurring nearly every day (Figure 3) . Contact with grass and soil, and pumping gas are all episodic activities. In contrast travel, bathing, showering, and exposure to ETS occurred on a regular basis. For some activities such as vigorous exercise, showed a slight bimodal distribution suggesting that there are two separate subpopulations: those individuals who report episodic exercise and those who report regular exercise.
Similarly there is a bimodal distribution in the number of days individuals used their workshop or cleaned house, again suggesting separate subpopulations with regard to these activities. Most people who reported cleaning house did so only once or twice a week (episodic cleaners) while a smaller group cleaned their homes regularly (at least 5 times a week). A similar pattern with fewer participants was exhibited for workshop use. The majority of workshop users used the workshop infrequently and the amount of time spent in the workshop was less than 2 h /day. In contrast, those who used the workshop on a regular basis (at least 5 of 6 days) tended to use the shop for longer periods of time, typically between three and four hours a day. An association was found between amount of time spent in the workshop and house ventilation. Individuals who reported the longest workshop use also reported the longest house ventilation periods (correlation coefficients ranged between 0.46± 0.61, p<0.05).
Floor contact was either episodic or regular depending on the age group. Children's floor contact occurred nearly every day while for adults floor sitting for some individuals was infrequent, only once or twice a week, and others reported sitting on the floor nearly every day (Figure 4) . Episodic patterns were also found for pumping gas. While on any day, 11±15% of the study population pumped gas, over the course of the study more than 50% of the participants carried out this activity, typically only once during the week. Only 4% of the study group reported pumping gas more than twice a week.
For nearly all questions that provided either a daily frequency or duration value (A12±A26), there were significant correlations in the values reported by individuals from one day to the next ( p<0.001). That is, each day's responses were predictive of the next day's responses if the behavior was reported on each day. In addition individuals who reported activities on more than day one were likely to report similar frequencies and durations on all other days ( p<0.001). Only travel with ETS did not show a pattern where one day's responses were predictive of any other day.
Discussion
The NHEXAS time/activity diary demonstrated reliability and consistency. There was internal consistency both within the diary and between the diary and other NHEXAS questionnaires. In addition, comparison with the NHAPS results found reasonable consistency with this larger population-based study. Change in response rate on the seventh day of diary use may reflect the shortened time period of reportage on the final day of the study, increased fatigue or boredom with the study experienced by some participants, or disruptions in daily activities due to final study day activities. Since this effect was anticipated in the study design, the finding simply confirms what was expected. During the first day of the study participants spent approximately 1±1.5 h at home which under normal circumstances, based on reportage for the rest of the week, would have been spent elsewhere. This additional home time matches the amount of time the field technicians were in the home setting up equipment and instructing participants in their activities. No other single compartment showed an equal loss in time and it was distributed over all other environmental compartments. The impact of first-day study activities on participant behavior was not observed for the question items in the diary.
Data from the time/activity diary can be reported in terms of daily activity and personal activity patterns. Individuals were quite consistent in the manner in which many questions were completed over the 6 days for which the diary was completed. There was a significant degree of autocorrelation in responses over the days for many questions. Thus the responses an individual provided for any one day could reflect those for any other day. For these behaviors, gathering information on only one or two days would be sufficient to characterize both daily activity and personal behavior patterns. Questions that fit into this category include smoking habits, water consumption, travel, bathing, showering, and hand washing. Cigar smoking, using smokeless tobacco, swimming, burning and grilling, and using a fireplace were infrequently reported. While responses to most questions showed little daily variation, questions reflecting dermal contact with soil or dirt, grass or leaves, cleaning agents showed episodic responses for most individuals who reported them. Responses to several questions suggested subpopulations with different personal activity patterns, with some individuals behaving episodically and others showing a regular pattern of behavior. Workshop use, housecleaning, and vigorous exercise in which the study population was divided between regular and periodic behavior patterns. These episodic behaviors may well require a full week diary or placement in the baseline questionnaire where the format of the question could be modified to capture the episodic nature of the activities. Identification of individuals in the population who differ in behavior patterns that may contribute to exposure to environmental chemicals is essential. As was noted for shop use, cleaning habits, gasoline contact and floor contact, the NHEXAS daily activity diary can be used to discriminate between regular and episodic behaviors both in frequency and duration of behaviors and identify highend exposure subpopulations.
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